Abstract Rabies virus (RABV) stimulates nitric oxide (NO) production, which either triggers T cell differentiation or suppresses T cell function depending on its concentration. Herein, we assessed the potential role of NO in regulation of immune responses during RABV infection in mice model. The experimental animals were divided into four groups and 100LD 50 of challenge virus standard (CVS) strain of RABV was inoculated intracerebrally on day 0 and subsequently aminoguanidine (AG; inducible nitric oxide synthase inhibitor) was injected intraperitoneally twice a day, up to 6 days. The samples were collected at 2, 4, 6, 8, 9, 10 and 12 days post infection (DPI). The immune cells including CD4
Introduction
Rabies is virtually a fatal viral disease of central nervous system (CNS) causing non suppurative encephalitis. Rabies virus (RABV), the causative agent of rabies, is a member of the genus Lyssavirus and family Rhabdoviridae [1] [2] [3] . It is a major zoonotic disease of worldwide occurrence and only few countries are free of rabies that includes the islands like Australia, New Zealand and Scandinavian countries [1, 2] . The disease affects all warm-blooded animals, including man. More than 99 % of all human deaths from rabies occur in the developing countries and it is still a great public health problem in Asia, Africa and Latin America.
Even though, CNS is naturally sequestered from the immune system, RABV has the capacity to induce a protective antiviral immune response [1, 4] . Innate and acquired immunity play a vital role in RABV infection. According to previous reports that type 1 T helper (Th1) cell responses are important for RABV clearance from the CNS. Induction of specific cell mediated immunity (CMI) is a crucial factor in the protection of hosts from rabies [5, 6] . The CD8
? T cells are helpful by producing non-cytolytic cytokines through IFN-c pathway [4] . Studies showed that infection of CNS with antigen results in transport of CNS antigen to lymphoid organs by interstitial and cerebrospinal fluid circulation. This stimulates antigen-specific activation of naive lymphocytes in lymphoid organs and reactivation of lymphoblasts that have migrated into the CNS. The initial peripheral immune response to CNS-derived antigen is characterized by strong antibody response and cytotoxic T cell responses [7, 8] . Activated T cells routinely cross the blood brain barrier (BBB) as part of the normal immunological surveillance of all tissues [9] . Infiltration of natural killer (NK) cells, antigen specific CD4
? and CD8 ? T cells, B cells and monocyte/macrophages into the CNS begins 3 to 4 days after infection [9, 10] . The peripheral CMI activity of the spleen cells of mice infected with street RABV increased transiently until 4 DPI, but declined rapidly thereafter until their death [6, 11] . However, in rabies the T cell response was found inefficient being inactivated by the virus [2, 12] . Further, cells undergoing death were leukocytes and not neurons, which were confirmed by immunohistochemical studies [2, 3, [12] [13] [14] . The CVS strain of RABV by intracerebral route in mice produces encephalitis with marked neuronal apoptosis [15, 16] , whereas peripheral routes of inoculation produces severe and fatal encephalitis without prominent neuronal apoptosis [3, 13, [17] [18] [19] .
Nitric oxide (NO) is a gaseous and inorganic free radical, which has pleiotropic activities. Nitric oxide synthase in the presence of O 2 and NADPH converts L-arginine (LArg) into NO [20] . Inflammatory phagocytic cells, epithelial and neuronal cells express inducible NOS (iNOS), which produces larger volume of NO for longer time (10-100 times more). The iNOS has a protective function against bacteria, viruses, fungi and parasites [21] . Macrophages (microglia cells) and NK cells are mainly responsible for the production of NO in brain.
Nitric oxide has been reported to be involved in pathogenesis of neurodegenerative diseases, including rabies [22] . Reduced state of NO (NO -) in RABV infected brains [17] , reacted with superoxide (O 2 -) to form peroxynitrate, which damage BBB by lipid peroxidation [22, 23] .
It also participates in immune response regulation, particularly in the adaptive response by controlling T lymphocyte proliferation [24] [25] [26] . Further, NO exerts either proliferative or anti-proliferative response on T cells depending on its concentration. Higher concentrations of NO exert immunosuppressive action and anti-proliferative effect on T cells. Increased concentrations of NO disturbs IL-2R signalling with inhibition of Janus kinases (JAK1 and JAK2) and transcription factor 5 (STAT5) activation [27, 28] , and induction of apoptosis in T cells by stimulating p53, caspase and Fas ligand expression [29] or by controlling Bcl-2 members expression [20] . NO from iNOS-expressing cells suppressed mouse T cell proliferation and ameliorated T cell-mediated murine autoimmune diseases such as graft vs-host disease [30] . Low levels of NO promote the differentiation of Th1 (both CD4
? and CD8
? T cells) but not Th2 cells [31] . Low-to-moderate levels of NO were shown to protect T cells from apoptosis [25] .
The iNOS is inhibited by L-Arg analogues or chemical aminoguanidine AG [16, 17, 32] . NOS is induced by various neurotrophic viruses like RABV, Borna disease virus, herpes simplex virus type 1 (HSV-1), and others [33] . The NO inhibition and lack of NO biosynthesis significantly reduces the pathological consequences of various virus infections viz., influenza induced viral pneumonia in mice, Sendai virus and HSV-1 induced encephalitis in rats, flavivirus induced murine encephalitis, and encephalomyocarditis virus induced carditis and diabetes [16, 17, 32, 34] . The action of NO in the immunopathogenesis of RABVis not very clear, and the present study was designed to understand the role of NO and/or iNOS using iNOS inhibitor (aminoguanidine) in immune response during rabies virus infection.
Materials and methods

Virus
CVS strain of RABV (laboratory fixed) was obtained from Biological Products Division, ICAR-IVRI, Izatnagar. The mouse inoculation test (MIT) was used for calculation of virus dose using Reed and Muench method and lethal dose 50 (LD 50 ) titre. The aliquots of 100 LD 50 titre were stored at -80°C for future use.
Experimental animals
Swiss albino mice of either sex were obtained from Laboratory Animal Resource (LAR) Section of ICAR-IVRI, Izatnagar. The mice were housed in polypropylene cages, and feed and ad libitum water provided. Controlled environmental conditions like temperature 27 ± 2°C, relative humidity 30-55 % and 12/12 h light/dark cycle were provided to animals. The mice were maintained as per the guidelines of Institute Animal Ethics Committee (IAEC).
Experimental design and assessment of clinical signs
The mice were divided into 4 groups namely; CVS, CVS-AG, AG control and PBS control group, each consisting of 20 mice. In CVS group, 20 healthy mice were inoculated intracerebrally (i.c.) with 0.03 ml of 100 LD 50 mouse dose of RABV on day 0. Aminoguanidine hydrochloride (AG; Sigma-Aldrich, USA) was injected in 40 mice intraperitoneally (i.p.) at a dose rate of 600 mg/kg b. wt twice a day, up to 6 days. Out of these 40 AG treated mice, 20 mice were inoculated with RABV by i.c. route on day 0 and named as CVS-AG group, and 20 mice were kept as AG control. In PBS control group, 20 mice were inoculated by i.c. route with sterile phosphate buffered saline (PBS, pH 7.2). The mice were observed for clinical signs like ruffled fur, tremors, hunchback appearance, in-coordination, paralysis and prostration till 12 days post infection (DPI). Anti-coagulated blood and spleen for estimation of immune cells, serum for total NO estimation and brain for antigen detection, histopathology and TUNEL assay were collected either from dead/sacrificed mice at 2, 4, 6, 8, 9, 10 and 12 DPI. Before inoculation of virus and during collection of blood, mice were anesthetized with ether inhalation.
Peripheral blood mononuclear cell (PBMC) isolation
Anti-coagulated blood was pooled according to experimental groups for isolation of PBMCs as per the method of Stachowiak et al. [35] and diluted with Dulbecco's Phosphate Buffered Saline (D-PBS; 1x; pH 7.2; ratio 1:1) without calcium and magnesium. The diluted blood was subjected to density gradient separation by gently layering of Histopaque Ò (Sigma-Aldrich, USA) with density of 1.083 g/ml (ratio 1:1) and centrifuged at 1800 rpm for 10 min at room temperature (RT) which resulted in the separation of PBMCs at the plasma-histopaque interface. The PBMC layer was collected and washed in isotonic PBS (250 g for 10 min) and then re-suspended in 2 ml of RPMI-1640 medium. The cell viability was determined immediately by using trypan blue dye exclusion method and PBS as the diluent.
Separation of splenocytes
Splenocytes were separated from spleen as described by Hirai et al. [11] with slight modifications. Spleen was minced into small pieces and splenocytes were squeezed from the splenic capsule in PBS (pH 7.4) through 70 lm nylon mesh cell strainer in a Petri dish to create single cell suspension by gently mashing spleen pieces with the rubber end of a plunger from a 1 ml tuberculin syringe. The suspensions of dispersed cells were again filtered through cell strainer into a sterile centrifuge tube on ice. Then, cells were centrifuged at 1500 rpm for 10 min at 4°C and supernatant was discarded. The cell pellet was re-suspended in chilled red blood cell (RBC) lysis buffer and centrifuged at 1500 rpm for 5 min at 4°C. Supernatant was discarded and pellet was re-suspended in sterile PBS and cell viability was determined immediately by using trypan blue dye exclusion.
Antibodies
Monoclonal antibodies used in the study were mouse anti-CD4
? FITC labelled (Cat no. C2255-28L), mouse anti-CD8
? PE labelled (Cat no. C2259-14Q), mouse anti-CD56 FITC labelled (Cat no. C2410-57E) and mouse anti-CD16 FITC labelled (Cat no. C2267-31 M) procured from US Biological Life Sciences, USA.
Fluorescence-activated cell sorting (FACS)
PBMCs and splenocytes were processed for FACS for estimation of CD4
? , CD8 ? T lymphocytes and NK cells (CD56 -CD16 ? ) percentage in various experimental groups at 2, 4, 6, 8, 9, 10 and 12 DPI using BD FACSCalibur TM Instrument, USA as per the method described by Perry & Lodmell [36] . The cells were incubated with 10 ll of fluorescein isothiocyanate (FITC) and phycoerythrin (PE) conjugated antibodies (1:10 dilution) at 37°C in dark for 45 min. The tubes were held in icebox in dark and taken for FACS analysis. Ten thousand cells were counted and analysis was performed in the flow cytometer using the cell quest pro software (BD Bioscience, USA).
Estimation of total nitric oxide in serum
Serum samples from various experimental groups at different time intervals were subjected to total NO estimation by colorimetric assay based on Griess reaction (EMSNO-TOT, Pierce Biotech, USA) as per the method described by Guevara et al. [37] . Briefly, 200 ll of 1 9 reagent diluent was pipetted into duplicate wells in a 96 well plate. 50 ll of diluted nitrate standard and samples were added to 96 well plate, followed by 25 ll of NADH and diluted nitrate reductase and incubated at 37°C for 30 min. Later, 50 ll of Griess reagent I followed by 50 ll of Griess reagent II were added to all the wells, and incubated at room temperature for 10 min. Optical density (OD) of each well was taken using a micro-plate reader at 550 nm wavelength.
RNA extraction and reverse transcription
Total RNA was isolated from the brain using TRIZOL reagent (Invitrogen, USA). The integrity of the RNA was tested by electrophoresis and then subjected to the first strand cDNA synthesis by reverse transcriptase enzyme before being further amplified by polymerase chain reaction (PCR) using specific primers. Rabies virus glycoprotein (RABV-G) gene primers used were sense 5 
Histopathology
The mice of different experimental groups were necropsied at 2, 4, 6, 8, 9, 10 and 12 DPI and lesions were recorded. The coronal sections of cerebrum, cerebellum and hippocampus were collected in 10 % neutral buffered formalin. Paraffin embedded sections of 5 lm thickness were prepared and stained with haematoxylin and eosin (H&E). The remaining portions of the brain were collected in RNAlater (Qiagen, USA) and stored at -80°C.
Direct fluorescent antibody technique (dFAT) and immunohistochemistry (IHC) for rabies antigen detection
The paraffin sections from brain at different DPI intervals were deparaffinised and rehydrated in descending grades of ethanol and then in distilled water. For dFAT, the sections were incubated with 50 ll of anti-nucleocapsid fluorescin conjugated rabies polyclonal antibody in a humidified chamber for 1 h in the dark. Slides were rinsed in PBS (pH 7.2) and mounted with aqueous mountant as per the method described by Baloul et al. [19] . The slides were viewed under fluorescent microscope (Leitz Leica, Germany) for the presence of specific apple green fluorescence signals.
IHC was performed at different DPI intervals as per the method described by Hooper et al. [4] . The sections were microwaved in 10 mM tri-sodium citrate buffer (pH 6.0) for antigen retrieval. Endogenous peroxidase activity was quenched by incubating with 0.3 % hydrogen peroxide (H 2 O 2 ) in 80 % methanol. Non-specific antigen binding sites were blocked with 5 % normal goat serum. Sections were incubated with primary anti-rabies monoclonal antibody for overnight at 4°C in humidified chamber. Then, the sections were incubated with biotinylated antimouse secondary antibody and VECTASTAIN ABC reagent (Vector Biologicals, USA) for 30 min at RT.
Sections were incubated with 3, 3 0 -Diaminobenzidine (DAB) chromogen until desired stain developed and then counter-stained with Meyer's hematoxylin and mounted in aqueous medium. The distribution and intensity of positive signals were visualized under the light microscope. Quantitative analysis of immunopositive cells was done by counting both positive and negative cells (minimum of 1000 cells) in 15-20 representative high-power fields.
TUNEL staining for detection of apoptosis
Apoptotic cells in the brain sections were detected at different DPI intervals, using TUNEL assay (DeadEnd TM Colorimetric TUNEL System, Promega, USA) by keeping suitable controls as per the method described by Baloul et al. [19] . The sections were fixed in 4 % para-formaldehyde solution and permeabilized by proteinase K (20 lg/ ml). The sections were equilibrated with equilibration buffer and rTdT reaction mix (1 ll rTdT enzyme, 98 ll of equilibration buffer and 1 ll of biotinylated nucleotide) was added and incubated for 60 min in humidified chamber to allow end-labelling reaction. The reaction was terminated by adding 29 SSC and washed in PBS to remove unincorporated biotinylated nucleotides. The endogenous peroxidase was blocked with 0.3 % H 2 O 2 and incubated with streptavidin HRP (1:500). DAB was added for colour development, slides were mounted and apoptotic cells were observed under light microscope. Quantitative analysis of TUNEL positive cells was done by counting both positive and negative cells (minimum of 1000 cells) in 15-20 representative high-power fields
Statistical analysis
The data from different experimental groups in respect to various parameters were analysed statistically by one way ANOVA. The results were considered as significant at the confidence level of 95 % (P \ 0.05).
Results
Clinical signs
The CVS infected mice exhibited prominent clinical signs like ruffled fur and tremors as early as on 3 DPI, incordination on 4 DPI, paralysis, prostration, mortality and less survival time. In contrast, the CVS-AG treated mice showed delayed onset of less severe clinical signs, which started on 4 DPI. Three mice survived longer in CVS-AG treated group and were sacrificed on 30th day to terminate the experiment. The aminoguanidine and PBS control mice did not show any clinical signs throughout the experiment period.
Kinetics of CD4
1 T cells in blood and spleen
The CVS infected and CVS-AG treated groups of mice showed significantly increased number of CD4 ? T cells in blood and spleen up to 2 DPI when compared to control groups. The aminoguanidine and PBS control groups showed normal levels and non-significant differences during all time intervals. From 4 DPI onwards, the number of CD4
? T cells started to decrease in CVS alone and CVS-AG treated groups up to 12 DPI. However, CVS alone infected group showed significant decline when compared to CVS-AG treated group. On 9 and 10 DPI, number of CD4
? T cells in blood and spleen was significantly low in CVS alone infected group when compared to CVS-AG treated and control groups. On 12 DPI, the number of CD4
? T cells in blood and spleen was same in AG treated group and both control groups (Fig. 1a, b) .
Kinetics of CD8
The CD8 ? subset of T lymphocytes behaved in a similar way to that of CD4
? T cells in blood and spleen. The CVS alone and CVS-AG treated groups showed significantly increased number of CD8
? T cells in blood and spleen up to 2 DPI, when compared to both control groups. The aminoguanidine and PBS control groups showed normal levels and non-significant differences on all intervals. From 4 DPI onwards, the number of CD8
? T cells started to decrease in CVS alone and CVS-AG treated groups up to 12 DPI. However, CVS alone infected group showed significant decline, when compared to CVS-AG treated group. On 9 and 10 DPI, number of CD8
? T cells in blood and spleen was significantly low in CVS alone infected group when compared to CVS-AG treated and control groups. On 12 DPI, the number of CD8
? T cells in blood and spleen was same in both AG treated groups and PBS control group (Fig. 1c, d ).
CD4
1 /CD8 1 ratio in blood and spleen
The CD4 ? /CD8 ? ratio was found to be significantly increased in CVS alone infected group, whereas CVS-AG treated group showed decreased ratio until 8 DPI in blood. The CD4
? /CD8 ? ratio decreased from 9 DPI onwards in CVS alone infected group in blood, whereas CVS-AG treated group showed increased ratio. The CD4
? /CD8
? ratio was found to be decreased in CVS alone infected group, whereas CVS-AG treated group showed increased ratio until 8 DPI in spleen. The CD4 ? /CD8 ? ratio increased from 9 DPI onwards in CVS alone infected group in spleen, whereas CVS-AG treated group showed decreased ratio (Fig. 1e, f) .
Kinetics of natural killer cells in blood and spleen
The CVS infected and CVS-AG treated groups showed significantly increased number of natural killer cells in blood and spleen up to 2 DPI, when compared to both control groups. The aminoguanidine and PBS control groups showed normal levels and non-significant differences on all intervals. From 4 DPI onwards, the number of NK cells started to decrease in CVS infected and CVS-AG treated groups up to 12 DPI. However, CVS alone infected group showed significant decline, when compared to CVS-AG treated group. On 9 and 10 DPI, number of NK cells in blood and spleen was significantly low in CVS alone infected group when compared to CVS-AG treated and control groups. On 12 DPI, the number of NK cells in blood and spleen was same in both AG treated groups and PBS control group (Fig. 2a, b) .
Nitric oxide assay and detection of rabies virus
The CVS infected mice had significantly increasing levels of serum nitrate from 2 to 12 DPI when compared to both AG treated groups and PBS control group. CVS-AG treated groups had low levels of serum nitrate throughout the experimental period. No significant variations were noticed among control groups (Fig. 3) . Rabies viral glycoprotein gene (RABV-G) was detected in brain samples of CVS infected and CVS-AG treated groups by amplification of a 406 bp gene product by RT-PCR and visualized in 1 % agarose gel (Fig. 4) .
Histopathology
The CVS infected mice showed perivascular cuffing with mononuclear cells and mild meningitis on 2 DPI. Moderate degree of perivascular cuffing, meningitis and foci of glial nodules were noticed on 4 DPI. Diffuse microgliosis, severe perivascular cuffing and more degree of neuronal damage in hippocampus (CA1 and CA2 regions) on 6 and 8 DPI (Fig. 5a) . More gitter cells, pyknosis and karyorhexis of the neurons and many apoptotic bodies were noticed in cerebral hemisphere and hippocampus on 10 DPI. Perivascular cuffing and gliosis were noticed on all intervals in cerebellum.
The CVS-AG treated mice showed mild degree of meningitis and perivascular cuffing in the cerebral hemisphere and hippocampus on 2, 4, 6 and 8 DPI (Fig. 5b) . Mild changes like slight degeneration of neurons and moderate degree of gliosis were noticed in different parts of the brain including CA1 and CA2 regions of hippocampus on 10 and 12 DPI. The aminoguanidine and PBS control groups did not show any histopathological lesions in the brain. ? and CD8 ? T lymphocytes in blood and spleen of adult Swiss albino mice inoculated with challenge virus standard (CVS) strain of rabies virus and aminoguanidine (AG) were analysed by FACS using monoclonal antibodies. CVS: mice inoculated intracerebrally (i.c.) with CVS strain of rabies virus. CVS ? AG: mice were injected with AG intraperitoneally (i.p.) at 600 mg/kg body weight twice a day up to 6 days and CVS strain of rabies by i.c. route. AG: mice were injected with only AG by i.p. route. PBS: mice were inoculated with sterile phosphate buffer saline (PBS, pH 7.2) by i.c. route and sacrificed at 2, 4, 6, 8, 9, 10 and 12 days post infection (DPI). 
/CD8
? ratio of T lymphocytes in spleen. The data are expressed as mean ± SD at each time point. Error bars indicate the SD
dFAT, IHC and TUNEL assay
The CVS infected and CVS-AG treated brain sections showed positive signals like apple green fluorescence for dFAT and brown signals for IHC as early as on 4 DPI in cerebral cortex, cornua ammonis (CA1 and CA2 regions) of hippocampus and cerebellum. However, the intensity of positive signals was more in CVS alone infected group (Figs. 5c, 6a ) when compared to CVS-AG treated group till 12 DPI (Figs. 5d, 6b) . The IHC signals were more intense and significantly higher number of positive neurons were observed in cerebral cortex of CVS infected mice (Fig. 3a) than CVS-AG treated mice, which showed mild signals and less number of positive neurons (Fig. 3b) . The quantification of immunopositive neurons in brain of CVS infected and CVS-AG treated mice has been presented in Fig. 6c . Sections from CVS infected brain showed more TUNEL positive apoptotic cells in cerebrum (Fig. 7a) , but the TUNEL positive apoptotic cells were few in CVS-AG treated brain sections (Fig. 7b) . The quantification of TUNEL positive apoptotic cells in brain of CVS infected and CVS-AG treated mice has been presented in Fig. 7c .
Discussion
The present study was aimed to understand the role of NO and/or iNOS using aminoguanidine (iNOS inhibitor) in the regulation of immune responses during rabies virus infection. CVS alone infected group showed more clinical signs, histopathological lesions and mortality when compared to CVS-AG treated group. Recently, we reported that severe clinical signs and histopathological lesions in CVS alone infected group could be due to increased NO levels, proinflammatory cytokine tumor necrosis factor-alpha (TNFa) and iNOS mRNA levels in brain [16] . CVS-AG treated group showed increased survival time, delay in development and decreased intensity of clinical signs and histopathological lesions in mice with decreased NO, iNOS and TNF-a levels [16, 17] . Prolonged survival time was correlated with reduced viral load, which was evident by real-time PCR, reduced fluorescent and IHC signals in brain, suggesting the role of NO in rabies virus replication. NO has been reported to be involved in the pathogenesis of neurodegenerative diseases by damaging the BBB [22, 38] . CVS strain of fixed RABV in suckling, neonatal and adult mice produces encephalitis with marked neuronal apoptosis in various regions of brain when inoculated intracerebrally [15, 16] . In contrast, peripheral routes of inoculation of CVS in adult mice showed severe and fatal encephalitis without prominent neuronal apoptosis [3, 13, [17] [18] [19] .
Even though CNS is an immunoprivileged site, CMI plays vital role in limiting the viral pathogens targeting the brain. The role of both CD4
? and CD8 ? T cells in antiviral immunity against rabies in brain has been studied [1, 4, 6, 19, 36] . In the present study, CVS strain of RABV infection resulted in significant early increase in CD4
? , CD8
? T lymphocytes and NK cells in blood and spleen until 2 DPI, but thereafter significant reductions in level of these cells were noticed until their death on 10 to 12 DPI, when compared to CVS-AG treated group. The early increase in peripheral cell mediated immunity in blood and spleen but rapid declining of CMI thereafter until their death on 10 to 12 DPI were similar to the observations of earlier workers [11, 19, 39] . The early increase in CD4 ? , CD8
? T lymphocytes and NK cells in blood and spleen might be due to immune response directed against rabies virus by the host after exposure to prevent viral replication [39] . The activation of naive T and B cells in peripheral secondary lymphoid organs occurs during viral infections of CNS and activated T cells will cross the BBB to reach the CNS [7] [8] [9] . Further, nucleocapsid of RABV acted as super antigen in mice and resulted in stimulation of T cell proliferation, and also decreased nitric oxide levels up to 4 DPI could be the reasons for early increased immune cells in blood and spleen [16, 23] .
The CD4 ? /CD8 ? ratio was found to be significantly increased in blood of CVS alone infected group between 4 to 8 DPI, which indicates cell mediated immune response plays major role during rabies virus infection. In spleen, increased CD4
? /CD8 ? ratio (normal 2:1) in CVS alone infected group indicated cell mediated immune response, whereas CVS-AG treated group showed cell mediated immune response up to 8 DPI and there after humoral immune response.
In this study, less number of CD4 ? , CD8 ? T lymphocytes and NK cells in blood and spleen from 4 DPI onwards were likely due to the action of nitric oxide. It is proved that infection with CVS strain of RABV in mice resulted in 30-fold increase in NO levels [16, 23] , iNOS [16, 40, 41] and iNOS enzyme activity [16, 17, 33] . Also, it was well established that high concentration of NO showed immunosuppressive action by its anti-proliferative effects on T cells [24, 26, 30, 42] , blocking of IL-2R signaling [27, 30] and induced T cell apoptosis by caspase or Fas or p53-dependent mechanisms [25, 26, 29, 43] . Recently, we reported that CVS strain of RABV up regulates caspase 1 and FasL mRNA expressions and more TUNEL positive apoptotic bodies in brain, which was positively correlated with intensity of clinical signs and mortality [16] . These findings were corroborated with the observation of Ubol et al. [17] and Baloul et al. [19] reported that CVS strain of RABV infection triggered capsae-1 and Fas ligand (FasL) mRNA and protein expression in brain results in destruction of migratory T cells by Fas/FasL apoptosis pathway, which is an immunosubversive strategy for RABV.
The CVS strain of RABV had the ability to kill protective migrating CD8
? T cells [2, 3, 12-14, 18, 19] [17] demonstrated that iNOS inhibition resulted significant reduction in caspase 1 expression. Nitric oxide can prevent or induce apoptosis depending on its concentration, cell type, and the oxidative milieu. NO plays a signalling role in Fas/Fas ligand-mediated apoptotic death in mature T lymphocytes [44] . These findings suggest that NO-mediated apoptosis play major role in pathogenesis and regulating immune responses during rabies virus infection. The increased number of CD4 ? , CD8 ? T lymphocytes and NK cells in blood and spleen in CVS-AG treated group might be due to reduced rabies viral load in brain, which resulted in less killing of protective migrating T cells by rabies virus due to low expression of caspase 1 and FasL. Aminoguanidine reduces the NO production and it is well established that low concentration of NO enhances Th1 response causing proliferation of CD4
? and CD8 ? T lymphocytes and stimulating the production of secondary messenger cGMP with increased expression of IL-12Rb2 expression and IFN-c secretion by T cells [28] . It was found that increased numbers of CD4
? , CD8 ? T lymphocytes and NK cells significantly increased the survival time of mice and delay in development of clinical signs in rabies virus infection. Low concentrations of NO also exhibit anti-apoptotic effects, which was evident by low caspase-1 and FasL mRNA expressions in brain and lower number of apoptotic cells [16] . Kiang et al. [45] reported that inhibition of inducible nitric-oxide synthase prevents T cell apoptosis induced by hypoxia. These findings were similar to the observations of Lane et al. [32] reported that inhibition of nitric oxide synthase-2 (NOS2) by AG resulted in significant decrease in the severity of clinical signs of mouse hepatitis virus and reduced severity of virus-induced demyelination. Infection with more virulent strains of influenza (Spanish flu) stimulates higher production of NO and blocking of iNOS with NG-Monomethyl-L-arginine increased the survival of mice and delayed the development of pneumonia [46] . Li et al. [47] reported that Ivabradine has therapeutic potential against acute coxsackievirus B3-induced myocarditis due to its inhibitory The RABV infection results in significant early increase in CD4
? , CD8 ? T lymphocytes and NK cells in blood and spleen, but thereafter significant reductions in level of these cells were noticed, when compared to aminoguanidine treated group. Less number of cells in CVS infected group was due to increased NO. The aminoguanidine treated group showed increased number of cells, which was positively correlated with increased survival time, delay in development and decreased intensity of clinical signs and histopathological lesions in mice with decreased NO, iNOS and TNF-a levels. Low concentrations of NO also exhibit anti-apoptotic effects, which was evident by low caspase-1 and FasL mRNA expressions and lower number of apoptotic cells in brain. The results of this study have confirmed the potential role of NO in the regulation of immune responses during RABV infection. However, more studies including gene knock-out and immunohistochemical demonstration of cells are required to clarify the mechanism of action of NO in the regulation of immune responses during RABV infection. 
